The impact of climate change on animals has been globally documented. Especially, migration of birds has been extensively monitored as migratory birds are susceptible to any changes occurring both on breeding grounds and on wintering grounds. However, in contrast to spring migration, the patterns and the factors for autumn migration have not been well documented. In this study, we investigated the relationship with climate condition and the first arrival dates (FADs) of bean geese (Anser fabalis) and white-fronted geese (A. albifrons), the representative group of wintering birds in South Korea, using the data collected by Korean Meteorological Association during 1995-2016. Average temperature of September in wintering grounds has increased, and the FADs of the geese have advanced over the 22 years. Even when the influence of autumn temperature was statistically controlled for, the FADs of the geese have significantly advanced. This suggests that warming has hastened the completion of breeding, which speeded up the arrival of the geese at the wintering grounds. In order to assess the effect of climate condition on the arrival of the wintering migratory birds such as the geese in more detail, extensive data collection over many sampling sites and with long-term monitoring is needed.
Introduction
Global climate change is happening all over the world. The climate change causes seasonal changes in the biology of many species on the Earth. It is well known that climate change has a great influence on habitat location and size, breeding success rate, species richness, etc. (Penuelas and Filella 2001; Walther et al. 2002; Root et al. 2003; Lemoine et al. 2007 ). It has also been reported in many studies over the past several decades that climate change also affects the timing of seasonal activities such as the breeding of animals and flowering of plants (e.g., Hughes 2000; Root et al. 2003; Visser and Both 2005) . Phenology is defined as the study of the timing of recurrent biological phenomena, the causes of time changes related to biotic and abiotic factors, and the interrelationships between species (Leith 1974) . In recent years, phenological studies recognize climate change through the analysis of correlations between biological seasonal responses and climate factors (Sparks et al. 2000) and identify that climate change affects the seasonal responses of organisms (e.g., Visser et al. 2009 ).
Globally, the responses of organisms to climate change have been studied mostly on the organisms that breed in spring. This is presumably due to the assumption that they are more vulnerable to any impact of climate change. Because of the global warming, the organisms that breed in spring would directly experience the change in the breeding environment, which induces the organisms to shift the timing of breeding activities. Therefore, there have recently been many phenological studies like the time of leaf unfolding or flowering (Badeck et al. 2004) , timing of the first activity in spring in animals (Prodon et al. 2017) , and timing of migration toward breeding grounds in migratory birds (reviewed in Gordo 2007; Lehikoinen and Sparks 2010) . In particular, migration of migratory birds is closely related to the seasonal changes in climate and availability of food (Carey 2009 ). The responses of migratory populations has been studied in various ways using arrival date data collected for decades centered on Europe and North America (Sparks 1999; Tryjanowski and Sparks 2001; Butler 2003; Cotton 2003; Murphy-Klassen et al. 2005 ).
However, climate change in temperate regions can be important to organisms not only at the time of increasing temperature, i.e. in the spring, but also at the time when the temperature decreases, i.e., in the autumn. In this regard, the correlation between climate change and the phenological response of long distance migratory birds moving from breeding to wintering grounds in autumn should be examined. However, despite the significance (Cotton 2003; Robinson et al. 2008 ), there are not many studies that concern the timing of autumn migration of birds (Kobori et al. 2012) . There are two opposing predictions for the migration time to wintering areas of migratory birds with regard to warming. First, as the global warming progresses, the winter will come later, and the migration time to the wintering area will be delayed accordingly. On the contrary, as the global warming progresses, the spring will come earlier, and the migration time to the wintering area will be accelerated (Sokolov et al. 1999) . Which of these hypothetical mechanisms explain the fall migration better remains to be explored?
Phenological changes of animals and plants in response to climate change are also seen in the species living on the Korean peninsula. However, most studies on the seasonal changes in the Korean peninsula have been conducted mainly on plants Ibanez et al. 2010 ). There are not many studies on the biological seasonal phenomena of animals, and those studies that concerned seasonal phenomena dealt with the species initiate activities in spring such as butterflies, frogs, and the birds that migrate in spring (Kwon et al. 2010; Lee et al. 2011; Yoo and Jang 2012) . In particular, there is no phenological study on the fall arrival time of migratory birds on the Korean peninsula.
Geese (Anser spp.) are members of the duck family (Anatidae) and are the representative winter migratory birds in Korea. Tens of thousands of individuals visit Korea every year. Bean geese (A. fabalis) and white-fronted geese (A. albifrons) are the most dominant geese that overwinter in Korea (Park and Won 1993) . In particular, bean geese are designated as class 2 of the endangered species (Rho et al. 2010 ) and Climate-sensitive Biological Indicator Species by Ministry of the Environment of Korea (Ministry of the Environment, 2010). In this study, we aimed to unravel the correlation between the climate change in the Korean peninsula and the seasonal responses of the arrival of the geese using the arrival date data of the geese collected from Korea Meteorological Administration (KMA).
Materials and methods
Geese are distributed in rice paddies, river, and reservoir across the Korean peninsula and winter in Cheorwon, Han River Estuary, Seosan, Junnam Reservoir, Nakdong River Estuary, and Haenam etc. (Won and Kim 2012; Kim et al. 2016) . We analyzed the first arrival date (FAD) data of the geese collected from Korea Meteorological Administration (available from the website; www.kma.go.kr). The Korea Meteorological Administration (KMA) conducts seasonal observations of the state of flora and fauna representing the season to document the effect of climate change on the living organisms and has collected 20 biota seasonal observational data from 74 meteorological stations since 1921 (Primack et al. 2009 ). Among these data, geese are the only winter visitors and have started to be observed at three sites since 1994. Since the different geese species readily form a mixed-species flock and they have tendencies to migrate together (Authors' observation), KMA records do not distinguish the species identity. Thus, in this paper, we use the term "geese" as a collective term.
In this study, we used the data from 24 regions with more than 5 years data. A total of 223 first arrival data recorded for 22 years from 1995 to 2016 were analyzed (Table 1, Fig. 1 ). As the climate data, we used the average temperature of September at each site retrieved from the Korea Meteorological Administration. This is the time when the geese populations began to arrive on the Korean peninsula.
As both FAD data and temperature data followed normal distribution (FAD Shapiro-Wilk = 0.989, df = 223, P = 0.089; temp. Shapiro-Wilk = 0.990, df = 223, P = 0.139), we conducted Pearson correlation and regression analyses between the average temperature of September and FAD at each site. In order to examine the tendency of FAD across the years, we also conducted partial correlation analysis using either average temperature of September or year as a covariate. IBM SPSS Statistics 23.0 was used for statistical analyses.
Results
The FAD of geese has been recorded in the range from 254 days in Cheorwon in 1999 to 353 days in Chuncheon in 2007 due to regional and yearly variation (mean ± SD, 303.6 ± 20.8 days). From 1995 to 2016, the FAD of geese significantly advanced ( Fig. 2a ; r = − 0.769, n = 22, P = 0.000). The average temperature of September ranged from 16.2°C in 1995 of Jecheon to 24.3°C in 1998 and 1999 of Changwon. Overall, the average temperature of Fig. 1 The location of meteorological stations (▲) whose data were used in this study. See Table 1 for the GPS information September tended to slowly increase over the course of the years, although statistically not significant ( Fig. 2b ; r = 0.233, n = 22, P = 0.298).
The average temperature of September at each site and FAD showed a positive relationship (Fig. 3 , r = 0.170, n = 223, P = 0.011). However, this relationship itself does not tell us whether the FAD of the geese is indeed decreasing across the years or it is simply the response of the warming in the localities. Thus, we conducted a partial correlation analysis using the average temperature of September as a covariate. As the results, we found that FAD of the geese significantly advanced across the years even after the effect of the average temperature of September was controlled for (partial correlation r = − 0.269, df = 220, P < 0.001). This tendency also can be seen by the negative relationship between the year and the FAD divided by the average temperature of September (Fig. 4 , r = 0.654, n = 22, P = 0.000). On the other hand, when the effect of the year was excluded, there was a positive correlation between the average temperature and the date of arrival in September (partial correlation r = 0.173, df = 220, P = 0.010), which suggests that the geese indeed arrived later in warmer years.
Discussion
This study was conducted to investigate the phenological response of autumn migrations of the geese to South Korea from Siberia. The average temperature of September tended to increase over the years we considered. Thus, it can be said that the Korean peninsula experiences the effect of warming. We found that the arrival of the geese for wintering in Korean peninsula advanced in recent years and this remained significant even when the effect of warming was excluded. In case of spring migration, there are many studies that show the advancing of the birds' arrival due to global warming (Butler 2003; Ledneva et al. 2004; Murphy-Klassen et al. 2005 ). However, corresponding pattern for autumn migration is not consistent (Mills 2005) . Autumn migration depends on species specificity and breeding conditions (Gordo 2007) . When the temperature is high in the autumn, short-distance migrants stay long in warm breeding areas and arrive late to wintering grounds (Gordo 2007) . On the other hand, long-distance migrants that breed once breed quickly and arrive early at the wintering grounds, but the multiple-brooded species depart the breeding area late and arrive late at the wintering grounds (Gordo 2007) . Geese are long-distance migratory birds, and they are generally known to breed once (Fox 2005) . Therefore, the pattern we found, that the geese arrival dates advance with years, seems consistent with the hypothesis that the geese arrive at Korean peninsula earlier across the years because the completion of their breeding in Siberia became earlier due to the effect of global warming.
For spring migration, many studies found a negative correlation with the April temperature and the arrival at the breeding area (Sparks et al. 2002) . For the autumn migration of the geese, we found a positive correlation between the September temperature and the arrival of the geese; the warmer the autumn, the later the arrival of the geese. The reason for this tendency is unclear. In order to understand this, it is necessary to investigate the departure date and the duration of migration from breeding area to wintering area and what factors are involved. It is also necessary to investigate the condition of stopover routes (O'Neal et al. 2012 ). In addition, the FADs of the geese will need to be closely studied in relation to other climate factors such as temperatures of other months and/or precipitation that may represent the feeding environment of the geese during the winter. Even though we could not explore these possibilities, our results are still meaningful considering the fact that there are not many domestic and overseas studies for the responses of wintering birds. We believe more data is needed in order to understand the effect of climate change on the migratory ecology of the geese. In this sense, it is a pity that the survey of geese that have been used as a seasonal indicator for autumn has been discontinued since 2017 and is no longer carried out by Korea Meteorological Administration any more. In order to examine the responses of living organisms to climate change, continuous and long-term monitoring should be guaranteed. We strongly urge that more systematic effort should be made to record seasonal changes in more diverse species, including the geese, across the country. These would heighten the status of Korea in a global network for migratory bird research, in the times when the importance of international collaboration for data collection for breeding, stopover, and wintering ecology is more augmented than ever.
Conclusions
The FADs of geese in South Korea varies from region to region, ranging from 254 days in Cheorwon in 1999 to 353 days in Chuncheon in 2007. According to the results of this study, the arrival of the geese for wintering in Korean peninsula advanced in recent years, and this remained significant even when the small effect of warming was excluded. As long-term data are essential for broad understanding the factors that affect migratory birds, continuous and long-term monitoring should be guaranteed.
Abbreviations FADs: First arrival dates; KMA: Korea Meteorological Administration
